association between painful temporomandibular disorders, sleep bruxism and tinnitus abstract: The present cross-sectional study was designed to investigate the association between sleep bruxism (SB), tinnitus and temporomandibular disorders (TMD). The sample consisted of 261 women (mean age of 37.0 years). The Research Diagnostic Criteria for Temporomandibular Disorders were used to classify TMD and self-reported tinnitus. SB was diagnosed by clinical criteria proposed by the American Academy of Sleep Medicine. The results showed an association between painful TMD and tinnitus (OR = 7.3; 95%CI = 3.50-15.39; p < 0.001). With regard to SB, the association was of lower magnitude (OR = 1.9; 95%CI = 1.16-3.26; p < 0.0163). When the sample was stratified by the presence of SB and painful TMD, only SB showed no association with tinnitus. The presence of painful TMD without SB was significantly associated with tinnitus (OR = 6.7; 95%CI = 2.64-17.22; p < 0.0001). The concomitant presence of painful TMD and SB was associated with a higher degree of tinnitus severity (OR = 7.0; 95%CI = 3.00-15.89; p < 0.0001). It may be concluded that there is an association between SB, painful TMD and self-reported tinnitus; however, no relationship of a causal nature could be established.
introduction Temporomandibular disorder (TMD) is a collective term that embraces a number of clinical problems involving the masticatory muscle, temporomandibular joints (TMJs), and associated structures. 1 The etiology of TMD has been considered multifactorial, because one or more factors may contribute to its predisposition, initiation, and maintenance. Among these factors, sleep bruxism (SB) may be involved in triggering and/or maintaining TMD. 1 The American Academy of Sleep Medicine (AASM) classified SB as a stereotyped movement disorder occurring during sleep and characterized by tooth grinding and/or clenching. 2 Patients with TMD often report tinnitus as an associated symptom, and the relationship between the two is still only partially understood. 3, 4 Tinnitus can be defined as the perception of sound or noise in the absence of an evident external stimulus. 5 Approximately 10% to 15% of the general population complains of tinnitus, and its prevalence increases with age. However, the prevalence of tinnitus in TMD patients ranges from 33% to 76%, which is a much higher rate than that of the general population. 6, 7, 8, 9, 10 declaration of interests: The authors certify that they have no commercial or associative interest that represents a conflict of interest in connection with the manuscript.
Considering the prevalence of both SB and tinnitus in TMD patients, it has been noted that there are only few studies on this topic. A high prevalence of tinnitus has been found in patients with SB and TMD, 11 but it is not yet known how SB, TMD and tinnitus are associated, or how one influences the other. Based on these considerations, the aim of the present study was to investigate a possible triple association between these three factors (painful TMD, SB, and tinnitus), and assess the odds of tinnitus in patients with or without painful TMD and SB.
Methodology study design
This investigation was designed as a cross-sectional study. The sample consisted of 261 women recruited consecutively among patients with the chief complaint of orofacial pain, who sought care at a university-based specialty clinic (Universidade Estadual Paulista, Araraquara, SP).
The exclusion criteria were: odontalgia (toothache), neuropathy, intraoral lesions, any chronic pain syndrome (including fibromyalgia or arthritis), cognition or language impairments and individuals under the 18 years of age. All patients included in the study presented stability of vertical dimension with posterior dental support provided by natural teeth or partial removable or fixed dental prosthesis. 16 The diagnosis of tinnitus was obtained by self-report of ear noises in answer to the question, "Do you have noises or ringing in your ears?" on the RDC/TMD questionnaire. c. Clinical diagnostic criteria for Sleep Bruxism was met when the patient reported or was aware of the sounds of tooth grinding during sleep and at least one of the following adjunctive criteria: a) observation of abnormal tooth wear; b) report of morning masticatory muscle fatigue or pain; and c) masseteric hypertrophy upon digital palpation. In addition, there was no better explanation for the jaw muscle activity afforded by any other current sleep disorder, medical or neurological disorder, medication use or substance use disorder. These criteria were in accordance with the clinical diagnostic criteria proposed by AASM.
data analysis
Descriptive statistics and frequency counts were used to characterize the sample. The sample was stratified according to self-reported tinnitus to study the association with painful TMD and with the presence of SB, and also to investigate the presence of painful TMD among SB patients. Furthermore, the sample was stratified according to the absence or presence of painful TMD and SB.
Statistical analyses were conducted using SPSS 15.0 for Windows (SPSS Inc., Chicago, USA). The Chisquare (χ 2 ) test and odds ratio (OR) with a 95% confidence interval (CI) were applied, and the significane level adopted was 0.05. The nonparametric MannWhitney test was used for quantitative variables.
results
Two hundred and sixty one women were evaluated. The mean age was 37.0 years, with ages ranging from 18 to 76 years. The majority of the individuals had completed high school (41.0%), were married (57.5%), and were Caucasian (78.2%) ( Table 1) .
The medical history of tinnitus patients reported the following diseases: 28.2% gastritis/ulcer (p = 0.808), 8.7% arterial hypertension (p = 0.073), 2.0% hepatitis (p = 0.623), 41.6% sinusitis/rhinitis (p = 0.227), 5.4% heart disease (p = 0.205), 4.0% diabetes (p = 0.482), 34.2% spine alterations (p = 0.118) and 6.0% asthma/ bronchitis (p = 0.378). None of the patients reported hearing loss or medication abuse. The use of medications was recorded, but the variety of medications stated precluded frequencies or group comparisons from being determined.
The present study showed that painful TMD was associated with the presence of tinnitus (p < 0.0001), since 93.3% of the individuals presenting tinnitus also presented painful TMD, versus 6.7% without painful TMD (OR = 7.3; 95%CI = 3.50-15.39) ( Table 2) . When considering age, the nonparametric Mann-Whitney test showed no significant difference between groups with and without self-reported tinnitus (p = 0.554). Association was also observed between SB and the presence of self-reported tinnitus (p = 0.0163), but to a lower degree (OR = 1.9; 95%CI =1.16-3.26) ( Table 3) .
Considering only SB patients, a higher magnitude of association was found between painful TMD and selfreported tinnitus (OR = 7.1; 95%CI = 1.40-36.88) ( Table 4) . When the sample was stratified according to the absence or presence of SB and painful TMD (Table 5) , association with self-reported tinnitus was found to be present for painful TMD without SB (OR = 6.7; 95%CI = 2.64-17.22). The concomitant presence of painful TMD and SB significantly increased the magnitude of association with self-reported tinnitus (OR = 7.0; 95%CI = 3.00-15.89). The present study investigated the concomitant presence of painful TMD, SB and tinnitus. Since all these conditions are highly prevalent and have a great impact on an individual's life, we feel that our findings can contribute to the currently available knowledge. The most important findings were: (1) There was an association between painful TMD and self-reported tinnitus; (2) the same was found for SB, but at a lower magnitude; (3) association with selfreported tinnitus was found in patients with painful TMD and without SB and also in patients with painful TMD and with SB and, but at a higher magnitude.
The present study demonstrated the association between TMD pain and tinnitus. Recent studies have also demonstrated this association; TMD pain seems to be a risk factor for the occurrence of tinnitus. 4, 6, 7, 8, 9, 10 TMD covers many types of diagnoses classified according the RDC/TMD. In the present study, the painful TMD group included a majority of patients with arthralgia and myofascial pain combined. Only nine (9) patients had arthralgia not combined with myofascial pain, as assessed by the RDC/TMD; this precluded analysis of the association between tinnitus and each of these diagnoses (arthralgia and myofascial pain). However, these points reflect an important characteristic of the sample: it is very rare to find individuals presenting chronic TMD with only myofascial pain or arthralgia.
The most plausible hypothesis for the pain-tinnitus relationship is that it may require two components. 17 First, auditory connections with the trigeminal system occur at the very lowest levels of each sensory system, where small cells in the trigeminal ganglia send excitatory unmyelinated or lightly myelinated axons to terminate in the cochlear nucleus (CN). 18, 19 Based on this interaction, the gracile and cuneate nuclei present in the somatosensory pathway, once sensitized, would engender painful stimuli generated from the somatosensory pathway to the auditory cortex, which, in turn, interprets these stimuli as tinnitus. 17, 18, 19, 20, 21 Second, there are descending modulatory pathways -a modulation system that contributes to pain relief -in the central processing of pain. Clinical evidence supports the emerging view that this system may play an important role in maintaining chronic pain. 22 Continuous somatosensory impulses from painful TMD could lead to dysfunction of the descending modulatory pathways, resulting in an increase in neural somatosensory system impulses to the cochlear nuclei, leading, in turn, to consolidation of plastic changes in the auditory system, thus contributing to tinnitus chronicity. 17 There is no hypothesis in the literature about a specific association between SB and tinnitus. Only one study showed a high prevalence of tinnitus in patients with SB and painful TMD. 11 The present study showed that 68.7% of SB patients had tinnitus, implying that this magnitude of association between SB and tinnitus is unprecedented in the literature. Therefore, with regard to SB, it could not be directly associated with tinnitus, but it could be associated with painful TMD. The association between SB and painful TMD has been demonstrated in clinical studies. 23, 24, 25 These studies have shown that 58% to 80% of TMD individuals present SB. 23, 24 Furthermore, SB has been found more frequently in patients with painful TMD conditions, such as myofascial pain and arthralgia. 25 The pain experienced by patients with SB may be analogous to mechanical, overloadinduced post-exercise muscle soreness. 26, 27 It is characterized by pain and inflammation that develop gradually over several hours and then gradually diminish over a few days. 27 This source of ongoing pain could trigger and perpetuate TMD. 27 Thus, our results showed that patients with painful TMD presented a greater risk for acquiring tinnitus, and that this risk was greater in the presence of SB.
Our study had certain limitations. It was a crosssectional study, and, as such, no cause-and-effect relationship could be made among sleep bruxism, tinnitus and TMD. The sample consisted of patients who sought treatment for TMD, and the results are not representative of the general population. This high prevalence of tinnitus was not found in an overall population sample. 5 In addition, the presence of tinnitus was verified by the patients' self-reports. The RDC/TMD questionnaire has other questions in regard to the self-reporting of TMJ clicking and crepitus, respectively: "Does your jaw click or pop when you open or close your mouth or when chewing?" and "Does your jaw make a grating or grinding noise when it opens and closes or when chewing?".
It could be that, in our study, the patients mistook the question about tinnitus (Do you hear noises or ringing in your ears?) for those about TMJ clicking or crepitus. These questions are actually very different, insofar as the sound for TMJ clicking and crepitus is related to a mandibular function. Moreover, we found only 27 (16.8%) patients had tinnitus self-reports and TMJ clicking, and 20 (12.4%) patients had tinnitus and crepitus, both verified by stethoscope auscultation during the RDC/TMD physical examination. The diagnosis of SB has previously been discussed, and polysomnographic records have been considered a more precise diagnosis of SB; 28 however, for large samples, polysomnographic technology is still expensive and inaccessible. In regard to the clinical aspects, however, the best way of establishing a uniform and more accurate sample of these patients was to obtain reports of tooth grinding confirmed by a roommate or a family member, and obtain the others signs and symptoms according to observations made from the clinical criteria proposed by the AAMS. 2 In this case, the patients who meet these criteria probably have SB. 28 Moreover, the presence of diseases was verified by the patients' self reports, without the involvement of an otolaryngologist or other medical specialist; that is to say, patients reported the diseases which they knew about.
On the other hand, our methodology had important strengths: TMD was diagnosed and classified by RDC/TMD, in accordance with the gold standard. The assessments were made by a trained researcher, thus improving the reliability of the data. Moreover, to our knowledge it was the first study that simultaneously investigated the associations between painful TMD, SB and tinnitus. 
Conclusion
In conclusion, the present study shows associations between SB, painful TMD and tinnitus. Sleep bruxism patients presented increased odds of acquiring painful TMD. Furthermore, patients with painful TMD presented an increased risk of acquiring tinnitus and this risk was greater in the presence of SB. Hence, patients with sleep bruxism and painful TMD may present more severe and complex clinical findings, such as tinnitus observed through selfreport. In these cases, it is essential that the association between tinnitus and other systemic diseases be investigated in clinical practice, and that these patients be referred for further medical evaluation. As regards the management of painful TMD, our recommendation to clinical professionals is to control the risk factors of TMD maintenance and aggravation, such as sleep bruxism. When no reasonable cause for tinnitus is found, such as a local or systemic condition, we now know that, unfortunately, although controlling pain and central sensitization cannot eliminate tinnitus, sometimes controlling pain can help a patient assuage tinnitusrelated discomfort. 29 acknowledgements
